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Abstract: Objective: Repeated pregnancy loss has been shown to be related to decidual immune imbalance. Metfor-
min has been found to promote a shift in the Th17/Treg balance towards immune tolerance. Our research aims to 
evaluate and obtain further information on the role and potential mechanism of metformin on Th17/Treg balance 
in the early pregnancy decidua. Methods: Decidual immune cells from normal pregnancy women were treated with 
metformin, pro-inflammatory cytokines or metformin + cytokines respectively. The mRNA expression levels of STAT3, 
STAT5, RORC and Foxp3 were detected by qRT-PCR. The proportions of Th17 and Treg cells, the stability of Treg 
cells, and the STATs phosphorylation levels of T cells were evaluated by flow cytometry. The cytokine concentrations 
in the culture medium were detected by ELISA. Results: After treated with metformin, indicators related to immune 
tolerance, including the mRNA expression and phosphorylation levels of STAT5, mRNA expression level of Foxp3, the 
proportion of Treg cell, and the IL-10 concentration increased significantly. Indicators related to immune rejection 
including the mRNA expression level of STAT3, the proportion of Th17 cell, and the IL-17A concentration showed a 
significant decrease. In inflammatory conditions, the proportion of Th-like Treg cells increased. Metformin promoted 
CD25 expression to maintain Treg cell stability. Conclusion: Metformin has beneficial effects on immunological 
tolerance at the maternal-foetal interface in early pregnancy. The underlying mechanism may be that metformin 
restores the Th17/Treg balance by changing the expression of STATs, which is conducive to establishing maternal-
foetal immune tolerance. 
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Introduction

Metformin is a kind of biguanide antidiabetic 
drug and one of the most generally used drugs 
for the treatment of type 2 diabetes and insulin 
resistance-related diseases. Over the last few 
years, with the deepening of research, the indi-
cations of metformin have been expanded to 
weight loss, gestational diabetes-related infer-
tility, polycystic ovary syndrome (PCOS), etc. It 
was first discovered in 2001 that metformin 
could improve fertility outcomes in PCOS 
patients who were suffering insulin resistance 
[1]. Metformin treatment improves fertility 
through multiple mechanisms, including restor-
ing the menstrual cycle, reducing the incidence 
of caesarean section and limiting preterm birth 
[2]. Furthermore, it has been reported that met-
formin improves metabolism, endocrine func-

tion and angiogenesis to prevent early pregnan-
cy loss [3].

The definition of recurrent pregnancy loss (RPL) 
is the failure of two or more clinically recognized 
pregnancies before 20-24 weeks of gestation, 
and the prevalence is approximately 2-5% in 
women trying to conceive [4-6]. The aetiology of 
RPL is multifactorial, including antiphospholipid 
syndrome, anatomical uterine structural anom-
alies, endocrine disorders, inherited thrombo-
philia, poor endometrial receptivity and paren-
tal chromosomal anomalies [7, 8]. However, in 
40-50% of the cases, the cause cannot be 
determined, and patients are diagnosed with 
idiopathic or unexplained RPL [4]. Immune dis-
orders appear to be the risk factors in numer-
ous cases of RPL and are considered to play a 
vital part in the aetiology [9, 10].
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It has been reported that CD4+ T cells differen-
tiate into Th17 cells under the action of IL-6 and 
transforming growth factor-β1 (TGF-β1), and 
differentiate into Treg cells under the stimula-
tion of TGF-β1 alone [11]. Another study showed 
that IL-23 was involved in the functional mainte-
nance of human decidual immune cells (DICs) 
and the promotion of their differentiation into 
Th17 cells [12]. The works of our group [13] and 
other scholars [14] have used this multi-cyto-
kine activation as a reasonable model to simu-
late the pathological changes of RPL DICs and 
to analyse the relationship between these 
changes and maternal-foetal immune rejec-
tion. To study the underlying mechanism, we 
stimulated DICs with IL-23, IL-6 and TGF-β1 to 
mimic the immune-inflammatory environment 
in the uterine cavity of patients with RPL and 
then studied how metformin affects the Th17/
Treg balance in early pregnancy.

Metformin has been found to enhance the Treg 
cell bias in the Treg/Th17 balance in leukae-
mia, fibrosarcoma, melanoma [15], non-small 
cell lung carcinoma, intestinal carcinoma [16], 
and Behcet’s disease [17]. Since these 
immune-related diseases, including RPL, share 
a common pathogenesis of Treg/Th17 imbal-
ance, we hypothesized that metformin may 
have a potential therapeutic value in pregnancy 
disorders [11, 18]. To test this hypothesis, we 
used human DICs to examine how metformin 
impacts the balance between Treg cells and 
Th17 cells in first-trimester pregnancy and to 
explore potential molecular mechanisms. 

Materials and methods

Human decidual tissue collection

The research protocol was approved by the 
Ethics Committee of Guangxi Medical University 
First Affiliated Hospital, and written informed 
consent was obtained from all participants. 
Decidual samples were collected from 12 
healthy women with a normal pregnancy (mean 
age 26.47±3.68, mean gestational age 50.8± 
3.38 days) who sought an artificial abortion 
due to unintended pregnancy at the Department 
of Obstetrics and Gynecology, Guangxi Medical 
University First Affiliated Hospital between 
November 2017 and October 2018. The follow-
ing eligibility criteria were used: women who 
received an artificial abortion due to unintend-
ed pregnancy; women with age of 25-30 years; 

women with regular menstruation before preg-
nancy; women with confirmed intrauterine 
pregnancy and a gestational age between 42 
and 63 days; women with no symptoms and 
signs of threatened abortion, such as abdomi-
nal pain or vaginal bleeding; women with 
observed foetal heartbeat by transvaginal 
ultrasound. The exclusion criteria included: 
women with a history of menstrual disorder; 
women with harmful substances during preg-
nancy; women with contact to radioactive sub-
stances; women with spontaneous abortion, 
hereditary disease, chronic systemic disease, 
immunological disease, abdominal pain, vagi-
nal bleeding, chills and fever; women with mul-
tiple pregnancy; women with abnormal exami-
nation, reproductive system anatomy or couple 
ABO blood group incompatibility; women whose 
partner had semen abnormalities. Before per-
forming the induced abortion by vacuum aspi-
ration, no patients had been treated with miso-
prostol or mifepristone.

After the artificial abortion procedures, decidua 
from aborted tissue was collected and rinsed 
twice with sterile phosphate buffered saline. 
The decidua was stored in prechilled RPMI 
1640 medium (Invitrogen, USA) containing anti-
biotics (100 IU/mL penicillin and 100 mg/mL 
streptomycin) before DICs were isolated. The 
villous tissue and necrotic tissue were removed 
carefully. 

Isolation and treatment of human first-trimes-
ter DICs

DIC separation was performed as described 
previously [19]. In short, DICs were aggregated 
with a density ranging from 1.056 to 1.077 g/
ml after enzymatic digestion and discontinuous 
gradient centrifugation. Considering the pheno-
typic changes in different subjects, there was 
no mixing of DICs from different patients. 

After coating with 10 μg/ml anti-CD3 antibody 
(eBioscience, USA) at 4°C overnight, 2.0 × 106/
well DICs were seeded on 6-well plates. Then, 
recombinant human IL-2 (rhIL-2, 50 ng/ml; 
PeproTech, USA) and anti-CD28 antibodies (1 
mg/ml; eBioscience, USA) were added to the 
medium to stimulate DIC activation. To study 
the effect of metformin on DICs, the wells were 
divided into 4 groups and cultured for 72 hours. 
The metformin (MET) group received 1 μM met-
formin. The pro-inflammatory cytokine (CTK) 
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group received 10 ng/ml IL-23, 5 ng/ml TGF-β1 
and 20 ng/ml IL-6. The metformin + cytokines 
(MET+CTK) group was treated with the pro-
inflammatory cytokines mentioned previously 
for 24 h and then with 1 μM metformin for the 
next 48 h. The control group did not receive any 
special treatments. All the experiments were 
performed in triplicate.

Real-time quantitative polymerase chain reac-
tion (qPCR)

After treatment for 72 h, 2 × 106 DICs were har-
vested. By using TRIzol reagent (Invitrogen), 
total cell RNA was extracted. Following the 
manufacturer’s detailed instructions, comple-
mentary DNA (cDNA) was generated using 5 × 
All-In-One RT MasterMix (ABM, Canada). Real-
time qPCR was performed on an Agilent Strata 
Gene Mx3005 (Stratagene, USA) by using com-
mercial primers specific for human Foxp3 
(primer ID HQP055129), human RORC (primer 
ID HQP016379), human STAT3 (primer ID 
HQP017767), human STAT5 (primer ID 
HQP017774) and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH; primer ID HQP006940) 
(GeneCopoeia Inc., USA). The expression levels 
were standardized to the GAPDH level. The 
specificity of all the primers was verified before 
marketing by the manufacturer. The samples 
were subjected to 40 amplification cycles using 
the EvaGreen 5 × qPCR MasterMix (ABM, 
Canada) with a reaction volume of 20 μl. The 
reaction conditions were set to 95°C for 10 
minutes, and then 40 cycles at 95°C for 15 s 
and 60°C for 60 s. Fluorescence data were col-
lected at 72-95°C to reduce the number of non-
specific signals, and amplification of specific 
transcripts was identified by evaluating the 
melting curve at the end of each PCR. Data 
from each sample were obtained in triplicate. 
The relative quantity of target mRNA was calcu-
lated from the ΔCt values of the evaluated tar-
get and endogenous reference gene GAPDH by 
using the 2-ΔΔCt cycle threshold method.

Flow cytometry

All the reagents and antibodies used for flow 
cytometry were manufactured by BD Bio- 
sciences unless otherwise stated.

For Th17 cell analysis, cells were stimulated 
with phorbol 12-myristate 13-acetate (25 ng/
ml), ionomycin (1 μg/ml) and GolgiStop (2 μl) for 

5 h before staining. Then, the DICs were stained 
with a PerCP/Cy 5.5-conjugated anti-CD4 anti-
body and a phycoerythrin (PE)-conjugated anti-
human IL-17 antibody according to the manual 
instructions and procedures. 

For Treg cell analysis, the cells were stained 
with a PerCP-Cy5.5-conjugated anti-human 
CD4 antibody, a PE-conjugated anti-human 
CD25 antibody and a monoclonal antibody 
Alexa Fluor 647-conjugated anti-Foxp3. 

For flow cytometry analysis of phosphorylated 
STAT3 and STAT5, cells were fixed, permeabi-
lized, washed, and then incubated with a 
PerCP-Cy5.5-conjugated anti-human CD4 anti-
body and PE-conjugated anti-human STAT3 
(pY705) or AlexaFluor®488-conjugated anti-
STAT5 (pY694) antibody. 

All stained cells were detected using CellQuest 
software and analysed using FlowJo v10 soft-
ware (TreeStar, USA).

Enzyme-linked immunosorbent assay (ELISA)

All the culture medium was collected and cen-
trifuged for 5 min at 450 g after 72 hours of 
cultivation. According to the manufacturer’s 
instructions, the collected supernatant was 
used to measure the levels of IL-10 and IL-17A 
by ELISA (RayBiotech, USA). Samples were test-
ed in triplicate. The ELISA kit sensitivities were 
as follows: > 1 pg/ml (IL-10) and > 80 pg/ml 
(IL-17A).

Statistical analysis

Statistical analysis was performed with SPSS 
22.0 (IBM SPSS Inc., USA). Before analysis, the 
Levene’s test was used to evaluate the homo-
geneity of variance in the data. Results of IL-17A 
and IL-10 expression were presented as the 
median, interquartile range and mean in non-
parametric tests. Parametric test results, which 
include the percentages of Th17, Treg, pSTAT3, 
and pSTAT5 cells and the mRNA expression of 
STAT3, STAT5, Foxp3, and RORC, were shown 
as mean ± SD. In parametric tests, compari-
sons among multiple groups were conducted 
by one-way ANOVA. For nonparametric analy-
ses, rank-sum test was used to compare the 
expression of IL-17A or IL-10, and the Kruskal-
Wallis method was used to compare between 
groups. P < 0.05 was considered as statistically 
significant.
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Results

Metformin promoted the differentiation of DICs 
into Treg cells and inhibited the differentiation 
of DICs into Th17 cells

The percentages of Treg and Th17 cells in DICs 
treated with metformin and cytokines were 
compared. The cell percentage of Th17/CD4+ in 
the CTK group was significantly higher than that 
in the control group (P < 0.001; Figure 1A, 1B). 
This suggests that pro-inflammatory cytokines 
can aggrandize the population of Th17 cells, 
which is consistent with the immune changes 
in the decidua of patients with RPL, indicating 
that the treatment can effectively simulate 
these pathological conditions. The percentage 
of Th17 cells in the MET group and the MET+CTK 
group was significantly lower than that in the 
control group and the CTK group, respectively 
(Figure 1A). This implies that metformin can 
significantly reduce the percentage of Th17 
cells in both normal conditions and the inflam-
matory environment. In addition, the percent-
age of Th17 cells in the MET+CTK group was 
remarkably higher than that in the MET group.

The percentage of Treg/CD4+ in the MET group 
was remarkably higher than that in the control 
group (P < 0.001; Figure 1C, 1D). This indicates 
that the proportion of Treg cells can be signifi-
cantly augmented by metformin. Furthermore, 
the percentage of Treg/CD4+ in the MET+CTK 
group was remarkably higher than that in the 
CTK group (P < 0.01; Figure 1C, 1D). This indi-
cates that metformin can restrain the inhibitory 
effects of pro-inflammation cytokines on DIC 
differentiation into Treg cells.

The ratios of Treg/Th17 were statistically differ-
ent between the control and MET (P < 0.001), 
CTK and MET+CTK (P < 0.01), and MET and 
MET+CTK (P < 0.01) groups. 

Metformin restrained the mRNA expression of 
STAT3 and RORC in an inflammatory environ-
ment and facilitated the mRNA expression of 
STAT5 and Foxp3

Differentiation of DICs into Th17 cells is con-
trolled by a “master-regulator” transcription 
factor, ROR γt (related orphan receptor γt) 
encoded by the RORC gene in human [20]. 
Thus, the relative expressions of RORC mRNA 
in the control, MET, CTK and MET+CTK groups 

were detected using RT-PCR to evaluate wheth-
er metformin influences the RORC mRNA 
expression (Figure 1E). There was no signifi-
cant difference in RORC mRNA expression 
between the MET group and the control group 
(P = 0.498). The expression level of RORC 
mRNA in the CTK group was significantly higher 
than that in the MET+CTK group (P < 0.001). 

The transcription factor Foxp3 is the most spe-
cific functional and phenotypic marker of Treg 
cells. Therefore, the Foxp3 mRNA relative 
expression levels in the control, MET, CTK, and 
MET+CTK groups were detected using RT-PCR 
(Figure 1E). The expression of Foxp3 mRNA in 
the MET group was approximately 4.8 times 
higher than that in the control group (P < 0.001). 
The mRNA expression of Foxp3 in the MET+CTK 
group was 2.8-fold higher than that in the CTK 
group (P < 0.001).

STAT5 activates the transcription of Foxp3 
expression in Treg cells. STAT3 plays a vital role 
in the differentiation of DICs into Th17 cells, 
modulating T cell proliferation and survival. 
Therefore, the relative expression levels of 
STAT5 and STAT3 mRNA in the four groups were 
measured to assess whether metformin affects 
STAT5 and STAT3 transcription (Figure 1E). The 
STAT5 mRNA expression level in the MET group 
was elevated and remarkably higher than that 
in the control group (P < 0.001). The expression 
level of STAT5 mRNA in the MET+CTK group 
was also remarkably higher than that in the 
CTK group (P < 0.01). There was no remarkable 
difference in STAT3 mRNA expression between 
the MET group and the control group (P = 
0.072). The expression level of STAT3 mRNA in 
the MET+CTK group was remarkably lower than 
that in the CTK group (P < 0.001).

Metformin increased the secretion of IL-10 and 
decreased the secretion of IL-17A in an inflam-
matory environment

Decidual Treg cells protect the foetus against 
the maternal immune system. The expression 
of multiple immunomodulatory cytokines, such 
as IL-10 and TGF-β1, is one of the characteris-
tics of this tolerogenic microenvironment [21]. 
Therefore, the IL-10 concentrations in culture 
supernatant were measured to analyse the 
function of Treg cells (Table 1 and Figure 1F). 
We did not detect the level of TGF-β1 because 
this cytokine was added to the medium as a T 
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Figure 1. Effect of metformin on the Th17/Treg cell of decidual immune cells in early pregnancy. Effects of met-
formin and pro-inflammatory cytokines on the ratio of Treg and Th17 cells in DICs. (A) Representative flow cyto-
metric analysis of Th17 cells in each group. (B) In the normal state and inflammatory environment, metformin 
reduced the proportion of the Th17 cells. (C) Representative flow cytometric analysis of Treg cells in each group. 
CD4+CD25+Foxp3+ T cells were gated by the CD4+ population. (D) The proportion of Treg cells increased in both the 
MET and MET+CTK groups compared with that in the control and CTK groups, respectively. Relative mRNA levels 
of Foxp3, STAT5, STAT3 and RORC. (E) Effect of metformin on the expression of STAT3, STAT5, RORC, Foxp3 mRNA. 
Expression levels were normalized to the GAPDH. The results presented are from three independent experiments. 
(F, G) The concentrations of IL-17A and IL-10 in the culture medium of each group. Comparisons in (A-E) groups were 
conducted by one-way ANOVA. Comparisons in (F and G) groups were conducted by rank-sum test and the Kruskal-
Wallis test. *P < 0.05; **P < 0.01; ***P < 0.001. 

Table 1. Concentrations of IL-10 and IL-17A in decidual immune cells culture supernatant (pg/ml)

Group
IL-10 IL-17A

Median IQR Mean Median IQR Mean
Control 114.6443 16.33 112.5657 4573.2649 367.32 4590.4581
MET 208.1495 42.54 217.5990† 4248.9481 189.58 4247.2637
CTK 71.4350 12.01 71.3075 5250.5461 887.43 5229.0450
MET+CTK 126.1301 21.84 127.0752‡ 4224.1384 241.26 4195.3262§

IQR = interquartile range; MET = metformin; CTK = cytokines. Compared with the control group, †P < 0.05; compared with the 
CTK group, ‡P < 0.05; compared with the CTK group, §P < 0.01.

cell-stimulating factor. Parallel changes were 
found between the concentrations of IL-10 and 
the size of the Treg cell population. The results 
turned out that the IL-10 concentration in the 
MET group and the MET+CTK group was 
remarkably higher than that in the control group 
and the CTK group, respectively (P < 0.05). 

IL-17A is an important cytokine produced by 
Th17 cells and associated with specific inflam-
mation and placental development [22]. 
Therefore, the concentrations of IL-17A in cell 
culture supernatant were detected to analyse 
the function of Th17 cells (Table 1 and Figure 
1G). There was no remarkable difference in the 
IL-17A concentration between the control group 
and the MET group (P = 0.435), while the con-
centration of IL-17A in the MET+CTK group was 
significantly lower than that in the CTK group (P 
< 0.01). 

Metformin inhibited the phosphorylation of 
STAT3 and promoted the phosphorylation of 
STAT5 in DICs

Our previous study found that the phosphoryla-
tion of STAT3 in DICs at the maternal-foetal 
interface affected the transformation of naïve T 
cells into Treg cells [12]. Therefore, we tested 
the phosphorylation level of STAT3 in DICs 
before and after metformin treatment to 
explore the potential mechanism by which met-
formin affects the Th17/Treg cell balance 
(Figure 2A, 2B). We found that metformin inhib-

ited STAT3 phosphorylation in both normal con-
ditions and inflammatory conditions (P < 
0.001). The numbers of Th17 cells and pSTAT3+ 
cells were mutually related (P < 0.01, R = 
0.668, Figure 3A). There was a notable nega-
tive correlation between Treg cells and pSTAT3+ 
cells (P < 0.001, R = -0.749, Figure 3B). 

STAT5 is the key transcriptional regulator of 
Treg cells. In addition, the relative activities of 
STAT3 and STAT5 modulate Th17 cell expansion 
[23]. Therefore, we detected the proportion of 
CD4+ pSTAT5+ cells in the four groups (Figure 
2B). There were notable distinctions between 
the control and MET groups (P < 0.001) and the 
CTK and MET+CTK groups (P < 0.001). The 
MET+CTK group had a lower proportion of CD4+ 
pSTAT5+ cells than the MET group (P < 0.01). 
Th17 cells were significantly negatively corre-
lated with pSTAT5+ cells (P = 0.005, R = -0.597, 
Figure 3C). There was a significant positive rela-
tionship between Treg cells and pSTAT5+ cells 
(P < 0.0001, R = 0.895, Figure 3D). Furthermore, 
the correlation between pSTAT3 and pSTAT5 (P 
< 0.0001, R = -0.797, Figure 3E) was clearly 
negative.

Metformin preserved the stability of Treg cells, 
reduced the ratio of CD25-Foxp3+ Treg cells 
and increased the proportion of CD25+Foxp3+ 
Treg cells

In an inflammatory environment, Treg cells can 
alter their immunophenotype to secrete pro-
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Figure 2. Effect of metformin on the phosphorylation levels of STATs in decidual immune cells collected during early pregnancy. A. Representative flow cytometry 
analysis of pSTAT3+ CD4+ T cells in each group. B. Metformin reduced the ratio of pSTAT3+/CD4+ T cells in normal and inflammatory environments. C. Representative 
flow cytometry analysis of pSTAT5+/CD4+ T cells in each group. D. Metformin increased the ratio of pSTAT5+/CD4+ T cells in both normal and inflammatory environ-
ments. Comparisons among multiple groups were conducted by one-way ANOVA. *P < 0.05; **P < 0.01; ***P < 0.001. 
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Figure 3. Correlations of various cells in the whole T cell population analysed by Pearson correlation analysis. A. Correlation between the number of Th17 cells and 
pSTAT3+ cells. B. Correlation between the number of Treg cells and pSTAT3+ cells. C. Correlation between the number of Th17 cells and pSTAT5+ cells. D. Correlation 
between the number of Treg cells and pSTAT5+ cells. E. Correlation between the number of pSTAT3 and pSTAT5 cells. Pearson correlation coefficient was used in this 
section to show statistical dependence or correlation between two variables. 
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inflammatory cytokines to participate in the 
inflammatory response, which plays a role in 
immune rejection. This change is called Treg 
plasticity [24]. This kind of plastic Treg cells 
express the CD4+CD25lo/-Foxp3+ phenotype 
and are called Th-like Treg cells. We gated on 
CD4 positivity and detected the influences of 
metformin and pro-inflammatory cytokines on 
the stability of Treg cells (Figure 4). When DICs 
were stimulated with pro-inflammatory cyto-
kines, the ratio of Th-like Treg cells was signifi-
cantly increased (P < 0.05). After DICs were 
treated with metformin under either control 
conditions or inflammatory conditions, we 
found that Treg cells upregulated CD25 expres-
sion to expand the population of stable Treg 
cells and reduce the population of Th-like Treg 
cells (P < 0.01).

Discussion

Metformin reduces the incidence of spontane-
ous abortion in early pregnancy and improves 
clinical pregnancy outcomes [2, 3]. Some stud-
ies have demonstrated that metformin has an 
immunomodulatory effect, but it is still unclear 
how this insulin sensitizer acts on the maternal-
foetal interface [25]. Previous studies have 
focused on metformin for treating infertility 
women with PCOS, obesity or type 2 diabetes 
and shown that metformin significantly increas-
es the rate of pregnancy and lowers the rate of 
abortion [26]. Many studies have reported that 
the Th17 cell proportions in peripheral blood 
and decidua of RPL patients are increased and 
that the Treg cell proportion are decreased [11, 
27, 28]. Therefore, it is possible to improve 
pregnancy outcomes by restoring the homeo-
stasis between Th17 and Treg cells. This 
research studied the effects of metformin on 
human decidual lymphocytes in early pregnan-
cy and provided evidence that metformin 
increased Treg cell numbers, reduced Th17 cell 
numbers, regulated inflammatory cytokines lev-
els, maintained Treg cell stability, and thereby 
restored the immune balance of the maternal-
foetal interface. These findings will help the 
development of therapeutic strategies for RPL.

Treg cells, which express the specific markers 
CD4, CD25 and Foxp3, are involved in the main-
tenance of immune equilibrium and self-toler-
ance by limiting abnormal or excessive inflam-
mation. Foxp3 is a marker of differentiation and 

function of Treg cells. The mechanism that con-
ventional Treg cells play an inhibitory effect 
includes not only cell-cell contact-dependent 
and contact-independent effects but also  
the secretion of anti-inflammatory cytokines, 
including IL-10, TGF-β1 and IL-35 [29]. However, 
Treg cells display plasticity, secrete pro-inflam-
matory cytokines and play a pro-inflammatory 
role in an inflammatory environment [24]. The 
developmental and functional plasticity of Treg 
cells is influenced by inflammatory signals in 
the surrounding environment. A typical kind of 
plastic Treg cells, which has the phenotype of 
CD4+CD25-Foxp3+, stably expresses Foxp3, 
loses CD25 expression and produces pro-
inflammatory cytokines simultaneously [30, 
31]. In several autoimmune diseases, these 
Th-like Treg cells function as pathological effec-
tor T cells, leading to tissue damage and inflam-
matory activity [30, 32, 33]. In another study, 
we found an elevated proportion of Th17-like 
Treg cells in the decidua of unexplained RPL 
patients and a reduction in the proportion of 
conventional Treg cells (data not published). A 
recent study found that after metformin treat-
ment, Th-like Treg cell levels were decreased, 
and conventional Treg cell levels were increased 
under both normal conditions and inflammato-
ry conditions. These changes are conducive to 
embryo implantation, maternal-foetal immune 
tolerance and pregnancy maintenance.

Th17 cells are main effector T cells that secrete 
pro-inflammatory cytokines. These cells receive 
multiple stimulatory signals to induce inflam-
mation and play a vital role in anti-infection 
immunity by inducing neutrophil infiltration and 
stimulating the secretion of other pro-inflam-
matory cytokines and chemokines [11]. Th17 
cells are directly involved in pathological 
immune response, including transplant rejec-
tion, allergy, pregnancy disorders and autoim-
munity [18, 34-36]. It has been reported that 
women with unexplained recurrent spontane-
ous miscarriage have higher expression of 
IL-17A than women with normal pregnancies 
[37, 38]. Our results showed that metformin 
reduced STAT3 and RORC mRNA expression 
during inflammation. In addition, in an unin-
flamed state, although the STAT3 mRNA expres-
sion did not change, the population of Th17 
cells was significantly reduced. This suggests 
that metformin can not only regulate STAT3 and 
RORC mRNA expression during inflammation to 
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Figure 4. Effect of metformin on the stability of Treg cells. A. Representative flow cytometry analysis of Th-like (CD25-

Foxp3+) Treg cells and conventional (CD25+Foxp3+) Treg cells in each group. T cells were gated within the CD4+ 
population. B. The influence of metformin treatment on the number of Th-like Treg cells. C. The influence of metfor-
min treatment on the number of conventional Treg cells. Comparisons among multiple groups were conducted by 
one-way ANOVA. *P < 0.05; ***P < 0.001. 

inhibit the differentiation of the Th17 cells but 
also regulate the differentiation of DICs by 
other mechanisms (such as phosphorylation of 
STATs) in non-inflammatory situations.

STATs are versatile cytoplasmic signalling medi-
ators and nuclear transcription factors. After 
cytokines or growth factors combine with trans-
membrane receptors upstream of STATs, these 
signalling mediators are activated to directly 
convert extracellular signals into transcription-
al reactions in the nucleus. STAT protein biosyn-
thetic autoregulating loops have important 
influences on many cell functions, with both 
antagonistic and synergistic relationships being 
observed [39]. The combination of a single 
cytokine-receptor pair can produce completely 
different or even opposite biological effects, 
depending on the activity of downstream STAT 
proteins. This activity often depends on the 
environment around the cells. For example, 
STAT3 and STAT5 attach to multiple common 

sites throughout the Il17 genetic locus. IL-2 
induces STAT5 to attach to these sites and 
reduces STAT3 attachment, which leads to the 
downregulation of related active epigenetic 
markers [23]. In addition, STAT proteins can 
also be post-translationally modified through 
various mechanisms, such as phosphorylation, 
acetylation, methylation, SUMOylation and 
ubiquitination, although not all STAT proteins 
have all modifications. It has been confirmed 
that the increased levels of pro-inflammatory 
factors, such as IL-6, IL-1β, IL-17 and TNF-α, 
can promote the STAT3 phosphorylation [12, 
40]. An important requirement for inhibiting the 
inflammatory response is suppressing the 
amount of pro-inflammatory cytokines and 
pSTAT3. In our study, the anti-inflammatory 
activity of metformin inhibited the phosphory-
lation of STAT3, which was combined with an 
augment in the phosphorylated STAT5 level. As 
a result of these changes, the Treg cell propor-
tion and IL-10 production were increased, while 
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the secretion of IL-17A and the proportion of 
Th17 cells were decreased.

However, we only studied Treg/Th17 cells in 
DICs. The composition of DICs is complex, 
including NK cells, macrophages, B cells, Th1 
cells, Th2 cells and other immune cells. It is 
necessary to further study the effects of met-
formin on other cell types. In addition, the 
mechanism by which metformin affects the 
stability of Treg cells is still expected to be fur-
ther studied in molecular biology. 

Conclusion

In summary, metformin has an anti-inflammato-
ry activity in DICs. Our study gives clues to the 
immunoregulatory mechanisms of metformin 
and provides new evidence for the application 
of metformin in the reproductive field. 
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